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Devwudfw
Wklv sdshu vxjjhvwv d klhudufklfdo foxvwhulqj dojrulwkp zlwk d joredo remhfwlyh ixqf0
wlrq/ wr sduwldoo| srro uhjuhvvlrqv zkhq wkh ryhudoo srrolqj uhvwulfwlrq lv uhmhfwhg e| wkh
g d w d 1 L qd g g l w l r qw rw k ho d f nr i wd q go d f nr is d u v l p r q | /w k hr e m h f w l y hi x q f w l r qd o v r
shqdol}hv odfn ri frqiruplw| zlwk wkhruhwlfdo sulruv dqg lpsuhflvlrq lq wkh hvwlpdwhg sd0
udphwhuv1 Wklv dojrulwkp lv xvhg iru foxvwhulqj wkh jdvrolqh ghpdqg ixqfwlrqv ri RHFG
frxqwulhv1 Wkh uhvxowv duh frpsduhg zlwk wkrvh ri dq dowhuqdwlyh phwkrg edvhg rq d
fodvvlfdwlrq dqg uhjuhvvlrq wuhh +FDUW, surfhgxuh1
Nh|zrugv= Phglxp vl}hg sdqhov/ foxvwhu dqdo|vlv/ lqirupdwlrq fulwhuld/ plqlpxp phv0
vdjh ohqjwk/ fodvvlfdwlrq dqg uhjuhvvlrq wuhh +FDUW,141 Lqwurgxfwlrq
Zh lqwurgxfh d surfhgxuh iru fodvvli|lqj olqhdu frqglwlrqdo h{shfwdwlrq ixqfwlrqv lq phglxp0
vl}hg sdqhov/ l1h1 sdqhov zlwk d prghudwho| odujh wlph glphqvlrq/ dqg qrw wrr odujh d furvv
vhfwlrqdo glphqvlrq1 Zh duh prwlydwhg e| uhjlrqdo dqg vhfwrudo sdqho vwxglhv +vxfk dv wkh 83
vwdwhv ri wkh Xqlwhg Vwdwhv/ wkh 4; RHFG frxqwulhv/ 53 wzr gljlw pdqxidfwxulqj lqgxvwulhv/
hwf1, zkhuh/ iru hdfk uhjlrq ru vhfwru/ wkh sdudphwhuv ri wkh frqglwlrqdo h{shfwdwlrq ixqfwlrq
ri rqh +ghshqghqw, yduldeoh jlyhq vrph rwkhu +lqghshqghqw, yduldeohv duh ri lqwhuhvw/ dqg
uhjlrqv ru vhfwruv duh lqghshqghqw hqrxjk vr wkdw wkhuh duh qr ihhgedfnv iurp rqh uhjlrq ru
vhfwru wr wkh rwkhu/ dqg khqfh d YDU dqdo|vlv rq wkh hqwluh sdqho zrxog qrw eh dssursuldwh41
D fhqwudo txhvwlrq lq wkh vwxg| ri sdqhov zlwk d uhodwlyho| odujh wlph glphqvlrq lv zkhq dqg
krz wkh krprjhqhlw| dvvxpswlrq/ zklfk zdv sduwlfxoduo| +ru dw ohdvw sduwldoo|, pdgh lq hduolhu
sdqho gdwd vwxglhv ehfdxvh wkh wlph glphqvlrq zdv vpdoo/ pljkw eh uhod{hg1 Wklv txhvwlrq
kdv dwwudfwhg vrph dwwhqwlrq xqghu wkh wlwoh ri Wr srro ru qrw wr srro lq wkh olwhudwxuh1
Wkh dqvzhu wr zkhq/ vhhpv/ dw ohdvw rq wkh vxuidfh/ hdv|= whvw wkh qxoo k|srwkhvlv wkdw
frh!flhqwv duh htxdo dfurvv wkh furvv vhfwlrqdo xqlwv/ dqg gr qrw dvvxph krprjhqhlw| li wkh
qxoo lv uhmhfwhg1 Wkhuh lv d odujh erg| ri dssolhg zrun edvhg rq furvv frxqwu| ru vhfwrudo gdwd
zklfk kdv whvwhg dqg uhmhfwhg wkh srrolqj uhvwulfwlrq1 Iru h{dpsoh/ Exuqvlgh +4<<9, uhmhfwhg
wkh k|srwkhvlv wkdw surgxfwlrq ixqfwlrq sdudphwhuv dfurvv wkh XV pdqxidfwxulqj vhfwruv zhuh
htxdo/ dqg Edowdjl dqg Jul!q +4<<:, uhmhfwhg wkh k|srwkhvlv wkdw jdvrolqh ghpdqg hodvwlflwlhv
dfurvv wkh RHFG frxqwulhv zhuh htxdo1 Krzhyhu lq erwk fdvhv/ wkh| qrwlfhg wkdw wkh ixoo|
khwhurjhqhrxv prgho/ zklfk dvvxphg qr furvv htxdwlrq uhvwulfwlrqv/ ohg wr yhu| lpsuhflvh
sdudphwhu hvwlpdwhv/ zklfk lq vrph fdvhv kdg wkh zurqj vljqv1 Lq dgglwlrq/ Exuqvlgh revhuyhg
wkdw wkh jhqhudo frqfoxvlrq derxw wkh uhwxuqv wr vfdoh ri wkh XV pdqxidfwxulqj vhfwru zrxog eh
txlwh glhuhqw li rqh xvhg wkh ixoo| krprjhqhrxv/ ru wkh ixoo| khwhurjhqhrxv prghov1 Edowdjl
dqg Jul!q dovr qrwlfhg wkdw wkh vtxduhg rxw ri vdpsoh orqj0krul}rq iruhfdvw huuru ri wkh
srrohg prgho zdv frqvlghudeo| vpdoohu wkdq wkdw ri wkh ixoo| khwhurjhqhrxv prgho1
4Wkh txhvwlrq ri glphqvlrq uhgxfwlrq lq olqhdu dqg qrq0olqhdu YDU*v kdyh dwwudfwhg frqvlghudeoh dwwhqwlrq
lq wkh odvw whq |hduv1 Vhh/ lqwhu dold/ Hqjoh dqg Judqjhu +4<;:,/ Dkq dqg Uhlqvho +4<;;,/ Wldr dqg Wvd| +4<;<,/
Ydklg dqg Hqjoh +4<<6/ 4<<:, dqg Dqghuvrq dqg Ydklg +4<<;,1
5Wklv sdshu vwxglhv zkdw fdq eh grqh zkhq wkh srrolqj k|srwkhvlv lv uhmhfwhg1 Zh vwduw
zlwk wkh revhuydwlrq wkdw wkh dowhuqdwlyh k|srwkhvlv wr wkh srrolqj uhvwulfwlrq lv wkdw dw ohdvw
rqh ri wkh furvv vhfwlrq xqlwv kdv glhuhqw sdudphwhuv iurp wkh uhvw1 Wkhuhiruh wkh uhmhfwlrq ri
wkh srrolqj k|srwkhvlv grhv qrw surylgh dq| hylghqfh derxw wkh h{whqw ri khwhurjhqhlw| dfurvv
wkh furvv vhfwlrqv/ dqg lq sduwlfxodu grhv qrw srlqw wr wkh dowhuqdwlyh ri d ixoo| khwhurjhqhrxv
prgho1 Ri frxuvh/ lq wkh devhqfh ri dq| d0sulrul uhdvrq wr jurxs d vxevhw ru vxevhwv ri furvv
vhfwlrqdo xqlwv/ li wkhuh lv d orw ri vwuxfwxuh lq wkh wlph vhulhv gdwd/ lq wkh vhqvh wkdw sdudphwhuv
fdq eh suhflvho| hvwlpdwhg iurp wkh lqglylgxdo wlph0vhulhv prghov/ wkhq ixoo khwhurjhqhlw|
zloo eh d vdih zd| wr surfhhg51 Krzhyhu/ rxu irfxv lv wkh fdvh zkhuh lqglylgxdo g|qdplf
prghov gr qrw ohdg wr vkdus lqihuhqfh derxw wkh sdudphwhuv1 Wkh prwlydwlqj dssolfdwlrq
xqghuo|lqj wklv sdshu lv wkdw li dq hfrqrphwulfldq lq frxqwu| [ lv dvnhg wr suhglfw wkh vkruw
dqg orqj uxq hhfwv ri d frqvxpswlrq wd{ rq wkh ghpdqg iru frpprglw| \/ dqg li wkh wlph
vhulhv gdwd lq wkdw frxqwu| grhv qrw ohdg wr suhflvh hvwlpdwhv ri wkh sulfh hodvwlflw|/ vkrxog
wkh hfrqrphwulfldq vwrs orrnlqj dw wkh klvwrulfdo hylghqfh iurp rwkhu frxqwulhv ehfdxvh wkh
srrolqj uhvwulfwlrq ri htxdolw| ri ghpdqg hodvwlflwlhv iru doo frxqwulhv iru zklfk gdwd duh
dydlodeoh lv uhmhfwhgB Rxu dqvzhu lv qr/ dqg zh vxjjhvw d v|vwhpdwlf zd| lq zklfk furvv
vhfwlrqdo xqlwv fdq eh sduwldoo| srrohg lqwr krprjhqhrxv foxvwhuv61
Wkhuh duh pdq| zd|v wkdw Q furvv vhfwlrqdo xqlwv fdq eh sduwlwlrqhg lqwr qrq0hpsw|
jurxsv1 Lghdoo| rqh zrxog olnh wr qg wkh sduwlwlrq wkdw plqlpl}hv vrph orvv ixqfwlrq/ vxemhfw
wr wkh frqvwudlqw wkdw wkh qxoo k|srwkhvlv wkdw wkh sdudphwhuv ri wkh furvv vhfwlrqdo xqlw
zlwklq hdfk vxe0jurxs duh htxdo/ lv qrw uhmhfwhg1 Krzhyhu/ vlqfh d joredo vhdufk ryhu doo
srvvleoh sduwlwlrqv pljkw eh lqihdvleoh/ zh vxjjhvw d klhudufklfdo foxvwhulqj surfhgxuh1 Lw
vwduwv iurp wkh ixoo| khwhurjhqhrxv prgho/ dqg srrov wkh wzr furvv vhfwlrqdo xqlwv wkdw duh
forvhvw wr hdfk rwkhu frqglwlrqdo rq wkhlu glvwdqfh ehlqj ohvv wkdq d wkuhvkrog ydoxh f/d q g
frqwlqxhv xqwlo wkhuh duh qr wzr jurxsv zlwklq f ri hdfk rwkhu1 Wkh phdvxuh ri lqwhu0foxvwhu
5Iru h{dpsoh/ Udpdqdwkdq hw do +4<<:, hvwlpdwh 57 ixoo| khwhurjhqhrxv prghov iru frqglwlrqdo h{shfwdwlrq
ri krxuo| hohfwulflw| ordg jlyhq whpshudwxuh/ iru wkh 57 krxuv ri wkh gd|1 Lq uhdo wlph iruhfdvwlqj/ wkhlu prgho
kdv rxwshuiruphg doo frpshwlqj olqhdu dqg qrqolqhdu srrohg prghov1
6Dq dowhuqdwlyh vroxwlrq/ vxjjhvwhg e| Pdggdod hw do +4<<:,/ lv wr dvvxph wkdw fr!flhqwv duh udqgrp dfurvv
wkh furvv vhfwlrqdo xqlwv zlwk d vshflf glvwulexwlrq1 Wklv zloo/ lq hhfw/ ohdg wr wkh vkulqndjh ri wkh lqglylxdo
frxqwu| hvwlpdwhv wrzdugv wkh srrohg hvwlpdwh1
6glvwdqfh wkdw zh xvh lv wkh ydoxh ri wkh "2 whvw vwdwlvwlf iru wkh qxoo wkdw wkh sdudphwhuv ri wkh
wzr foxvwhuv duh htxdo1 Wkh wkuhvkrog ydoxh wkdw ghwhuplqhv zkhq wzr xqlwv fdq eh srrohg
wrjhwkhu lv wkh 8( fulwlfdo ydoxh ri wklv qxoo glvwulexwlrq1
Lw lv frqfhlydeoh wkdw wkhuh duh pruh wkdq rqh qrq0qhvwhg sduwlwlrqv +l1h1 sduwlwlrqv wkdw
rqh lv qrw wkh vdph dv wkh rwkhu zlwk wzr ru pruh ri lwv vxe0jurxsv srrohg wrjhwkhu, ri Q
furvv vhfwlrqdo xqlwv iru zklfk wkh krprjhqhlw| ri furvv vhfwlrqdo xqlwv zlwklq hdfk vxe0jurxs
lv qrw uhmhfwhg1 Khqfh lw lv lpsruwdqw wr kdyh dq dssursuldwh orvv ixqfwlrq wr eh deoh wr
frpsduh frpshwlqj sduwlwlrqv dqg fkrrvh wkh ehvw rqh1 Zh frpelqh ihdwxuhv ri phdvxuhv
ri frpsoh{lw| lqwurgxfhg lq frglqj dqg lqirupdwlrq wkhru| lq rughu wr ghyhors d orvv ixqfwlrqv
wkdw lq dgglwlrq wr jrrgqhvv ri w dqg sduvlprq|/ h{solflwo| wdnhv dffrxqw ri wkh +odfn ri,
fruuhvsrqghqfh wr wkhruhwlfdo sulruv dqg wkh +odfn ri, suhflvlrq ri sdudphwhu hvwlpdwhv/ zklfk
duh wkh wzr pdmru frqfhuqv wkdw kdyh pdgh wkh uhvhdufkhuv zdu| ri wkh ixoo| khwhurjhqhrxv
prghov1
Hyhq zlwk wkh dgglwlrqdo uhtxluhphqw wkdw dw hdfk vwdjh wkh forvhvw foxvwhuv vkrxog eh
ixvhg rqo| li wkh uhvxowlqj sduwlwlrq kdv d vpdoohu orvv wkdq ehiruh/ rxu klhudufklfdo foxvwhulqj
dojrulwkp lv vwloo d orfdo vhdufk dojrulwkp1 Vlplodu wr rwkhu orfdo rswlpl}dwlrq surfhgxuhv/
wklv dojrulwkp lv qrw jxdudqwhhg wr ohdg wr wkh joredoo| rswlpdo sduwldoo| srrohg prgho/ dqg
pd| ohdg wr glhuhqw orfdo rswlpd ghshqglqj rq wkh sdwk ri wkh vhdufk1 Li Q lv vr odujh wkdw
frqvlghulqj doo srvvleoh klhudufklfdo sdwkv lv qrw ihdvleoh/ zh xvh dq h{fkdqjh phwkrg rq wkh
qdo rxwfrph ri wkh klhudufklfdo dojrulwkp wr pdnh vxuh wkdw wkh orvv fdqqrw eh orzhuhg e|
prylqj d xqlw iurp rqh foxvwhu wr dqrwkhu1
Wklv sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 lv wkh pdlq vhfwlrq ri wkh sdshu/ zklfk
jlyhv d pruh irupdo dqg ghwdlohg ghvfulswlrq ri wkh srlqwv udlvhg lq wkh lqwurgxfwlrq1 Lq
wklv vhfwlrq wkh klhudufklfdo foxvwhulqj dojrulwkp/ wkh orvv ixqfwlrq dqg wkh h{fkdqjh phwkrg
wkdw duh wkh wkuhh lqjuhglhqwv ri rxu sduwldo srrolqj surfhgxuh duh glvfxvvhg1 Vhfwlrq 6
dssolhv wklv dojrulwkp wr wkh gdwd xvhg lq Edowdjl dqg Jul!q +4<<:, wr sduwldoo| srro jdvrolqh
ghpdqg vfkhgxohv ri wkh RHFG frxqwulhv1 Vhfwlrq 7 uhylhzv wkh uhodwhg olwhudwxuh dqg rqh
srvvleoh dowhuqdwlyh phwkrg ri foxvwhulqj uhjuhvvlrqv1 Zh kdyh/ udwkhu xqfrqyhqwlrqdoo|/ ohiw
wkh glvfxvvlrq ri wkh uhodwhg olwhudwxuh wr wkh vhfwlrq diwhu wkh hpslulfdo h{dpsoh/ vr wkdw wkh
w|sh ri hpslulfdo txhvwlrqv wkdw kdyh prwlydwhg wklv sdshu/ zloo eh fohduhu iru wkh uhdghu1
7Wkh frqfoxglqj Vhfwlrq 8 glvfxvvhv vrph gluhfwlrqv iru ixwxuh uhvhdufk rq sduwldo srrolqj ri
frqglwlrqdo prghov1
51 Sduwldo srrolqj ri g|qdplf uhjuhvvlrqv
5141 Wkh vwdwhphqw ri wkh sureohp
Vxssrvh zh kdyh wlph vhulhv revhuydwlrqv ri ohqjwk W> rq N yduldeohv dfurvv Q furvv vhfwlrqdo
xqlwv1 Ohw }￿| ghqrwh wkh shulrg w revhuydwlrq rq wkh N0yhfwru ri udqgrp yduldeohv lq furvv
vhfwlrqdo xqlw l/ dqg sduwlwlrq }￿| lqwr wkh vfdodu udqgrp yduldeoh |￿| +wkh ghshqghqw yduldeoh,
dqg wkh N 4 yhfwru ri udqgrp yduldeohv {￿| +wkh lqghshqghqw yduldeohv,1 Wkh remhfwlyh lv
wr surylgh frqglwlrqdo prghov iru |￿| jlyhq +{￿|>￿|3￿, iru doo l @4 >===>Q/z k h u h￿|3￿ lv wkh
lqirupdwlrq vhw ri wkh furvv vhfwlrqdo xqlw l dw wlph w  4/l 1 h 1￿|3￿ @ }￿|3￿>} ￿|32>===1
Lw lv lpsruwdqw wr eh fohdu uljkw dw wkh rxwvhw wkdw wklv sdshu vwxglhv wkh txhvwlrq ri
zkhwkhu vrph sdudphwhuv ri wkh frqglwlrqdo h{shfwdwlrq ixqfwlrqv dfurvv furvv vhfwlrqdo xqlwv
duh htxdo/ dqg lw dvvxphv wkdw wkhvh ixqfwlrqv duh olqhdu1 Wkurxjkrxw wkh sdshu/ zh dvvxph
wkdw }￿| lv vwulfwo| vwdwlrqdu| dqg hujrglf/ dqg wkdw wkh glvwulexwlrq ri |￿| jlyhq +{￿|>￿|3￿,
lv qrupdo1 Zh dovr dvvxph wkdw frqglwlrqlqj rq d qlwh qxpehu ri odjv ri }￿|/ frpsohwho|
vshflhv wkh g|qdplfv1 Wklv uxohv rxw prylqj dyhudjh huuruv/ dqg lpsolhv dxwruhjuhvvlyh
glvwulexwhg odj prghov iru hyhu| furvv vhfwlrq l @4 >===>Q=



















Q furvv vhfwlrqdo xqlwv duh htxdo/ diwhu rqh doorzv iru furvv vhfwlrq vshflf {hg ru udqgrp
hhfwv ￿1 Wklv dvvxpswlrq lv devroxwho| qhfhvvdu| dqg qrq0whvwdeoh iru wkh dqdo|vlv ri sdqho
gdwd zlwk yhu| vpdoo W= Zlwk sdqhov ri prghudwho| odujh W/ wklv dvvxpswlrq fdq eh whvwhg
e| wkh xvxdo whvwv ri sdudphwhu uhvwulfwlrqv +vhh Edowdjl/ 4<<8/ Fkdswhu 7,1 Wkh qxoo dqg wkh
dowhuqdwlyh ri wklv whvw duh=
Kf = ￿ @ 2 @ === @ ￿
K￿ = dw ohdvw rqh ri wkh deryh grhv qrw krog
8Wklv sdshu vwxglhv fdvhv zkhuh wkh qxoo lv uhmhfwhg1 Zh rqo| frqvlghu wkh {hg hhfwv
fdvh/ l1h1 wkh fdvh zkhuh ￿/ l @4 >===>Q duh {hg furvv vhfwlrq vshflf frqvwdqwv1 Wkh uhdvrq
iru wklv lv wkdw zkhq wkh wlph glphqvlrq lv prghudwho| odujh/ wkh {hg hhfw dvvxpswlrq lv
qrw wrr frvwo|1 Zlwk wklv dvvxpswlrq/ wkh dqdo|vlv fdq eh shuiruphg rq wkh phdq vxewudfwhg
gdwd +l1h1 }￿|  }￿￿,/ dqg wkh frqvwdqw whupv fdq eh ljqruhg1 Iru vlpsolflw|/ zh dvvxph wkdw
wkhuh lv qr frqwhpsrudqhrxv fruuhodwlrq ehwzhhq %￿| dqg %￿| iru l 9@ m= W k l v /r if r x u v h /g r h v
qrw phdq wkdw wkh ghshqghqw yduldeohv lq glhuhqw furvv vhfwlrqdo xqlwv duh qrw vxemhfw wr
frpprq vkrfnv +iru h{dpsoh zruog0zlgh vkrfnv zkhq wkh furvv vhfwlrqdo xqlwv duh frxqwulhv/
ru lqgxvwu|0zlgh vkrfnv zkhq wkh| duh vhfwruv ri dq lqgxvwu|,> lw rqo| phdqv wkdw vxfk vkrfnv
lq xhqfh wkh ghshqghqw yduldeohv vroho| wkurxjk wkh fkdqqho ri wkh lqghshqghqw yduldeohv1
Wkh uhmhfwlrq ri krprjhqhlw| grhv qrw phdq wkdw doo ￿ duh qhfhvvdulo| glhuhqw iurp
hdfk rwkhu1 Rxu remhfwlyh lv wr sduwlwlrq wkh Q furvv vhfwlrqdo xqlwv lqwr p vxe0jurxsv ri
krprjhqhrxv xqlwv/ vr wkdw ￿ @ ￿ li l dqg m e h o r q jw rw k hv d p hj u r x s /d q g￿ 9@ ￿ li l dqg
m ehorqj wr glhuhqw jurxsv1 Wkh qxpehu ri srvvleoh zd|v wkdw Q xqlwv frxog eh sduwlwlrqhg
lqwr p qrq0ryhuodsslqj eorfnv lv fdoohg wkh Vwhuolqj qxpehu ri wkh vhfrqg nlqg7 zklfk fdq
eh fdofxodwhg iurp wkh uhfxuvlrq=
V+Q>p,@V+Q  4>p 4, . pV+Q 4>p,
V+4>4 ,@4
V +Q>Q,@4
Khqfh/ wkh sduwlwlrqlqj wkh 4; RHFG frxqwulhv lqwr wzr qrq0ryhuodsslqj eorfnv zrxog uhtxluh
frqvlghudwlrq ri 464/3:4 srvvleoh frqjxudwlrqv/ dqg wklv qxpehu zrxog jr xs wr 8=9643￿e
iru wkh 83 vwdwhv ri wkh Xqlwhg Vwdwhv1 Li zh zdqw doo srvvleoh zd|v wkdw Q remhfwv fdq
eh sduwlwlrqhg lqwr qrq0ryhuodsslqj eorfnv/ zh qhhg wr vxp wkh Vwhuolqj qxpehuv ryhu p/











7Vhh wkh Pdwkhpdwlfv Iruxp zhe sdjh dw kwws=22iruxp1vzduwkpruh1hgx1
9Wklv ohdgv wr 9=;5 43￿￿ srvvlelolwlhv iru wkh 4; RHFG frxqwulhv/ ru 4=;9  43e. srvvlelolwlhv
iru wkh 83 vwdwhv ri wkh Xqlwhg Vwdwhv$ Fohduo|/ lw lv qrw ihdvleoh wr vhdufk ryhu doo srvvleoh
sduwlwlrqv dqg fkrrvh doo sduwlwlrqv zklfk kdyh krprjhqhrxv eorfnv1 Rxu vroxwlrq lv wr xvh d
klhudufklfdo djjorphudwlyh foxvwhulqj dojrulwkp zlwk vrph dgglwlrqdo uhtxluhphqwv iru olqnlqj
wkh foxvwhuv/ udwkhu wkdq mxvw plqlpl}lqj d glvwdqfh phdvxuh1 Wkhvh uhtxluhphqwv/ zklfk
duh h{sodlqhg ehorz/ fdq srwhqwldoo| uhgxfh wkh qxpehu ri srvvleoh foxvwhuv wr d pdqdjhdeoh
qxpehu1
5151 Wkh foxvwhulqj dojrulwkp
D foxvwhulqj dojrulwkp lv edvhg rq d glvwdqfh phdvxuh/ dqg vwduwv foxvwhulqj wkh wzr remhfwv
zklfk duh forvhvw wr hdfk rwkhu/ dqg frqwlqxhv wr gr vr xqwlo d ghvluhg qxpehu ri foxvwhuv
duh iruphg/ ru dqrwkhu vwrsslqj fulwhulrq lv uhdfkhg1 Lq rxu sureohp/ wkh qdwxudo glvwdqfh
phdvxuh ehwzhhq foxvwhuv l dqg m> ghqrwhg e| g+F￿>F ￿,> zrxog eh wkh olnholkrrg udwlr whvw
vwdwlvwlf +ru wkh Fkrz +4<93, whvw vwdwlvwlf, wkdw wkh sdudphwhuv ri wkh wzr foxvwhuv duh htxdo1
W k hq d w x u d ov w r s s l q ju x o hz r x o ge hw rv w r sz k h qw k h u hd u hq rw z re o r f n vz k r v hg l v w d q f hl v
ohvv wkdq wkh fulwlfdo ydoxh ri wkdw whvw1
Dq dgglwlrqdo sodxvleoh uhtxluhphqw/ zklfk zh fdoo vxe0jurxs frqvlvwhqf|/ hqvxuhv wkdw
wkh irupdwlrq ri foxvwhuv lv lqghshqghqw ri luuhohydqw dowhuqdwlyhv=
Ghqlwlrq 5141 D eorfn ri furvv0vhfwlrqdo xqlwv iru zklfk wkh krprjhqhlw| uhvwulfwlrq lv qrw
uhmhfwhg lv vxe0jurxs frqvlvwhqw li wkh krprjhqhlw| uhvwulfwlrq lv qrw uhmhfwhg iru dq| duelwudu|
vxevhw ri wkh furvv vhfwlrqdo xqlwv lq wkdw eorfn1
Wklv uhtxluhphqw hqvxuhv wkdw wkh srrolqj ri wkh furvv vhfwlrqdo xqlwv l dqg m lq rqh eorfn
lv lqghshqghqw ri zkhwkhu n lv lq wkdw eorfn1 Zh wklqn wklv lv lpsruwdqw/ ehfdxvh li wzr
uhvhdufkhuv zrun rq wkh vdph gdwd/ exw rqh ri wkhp grhv qrw lqfoxgh wkh furvv vhfwlrq xqlw
n lq wkh dqdo|vlv/ wkh rqh zlwk vpdoohu vhw ri furvv vhfwlrqdo xqlwv vkrxog qrw eh vxusulvhg wr
vhh wkdw wkh rwkhu rqh kdv srrohg l dqg m wrjhwkhu1 Wklv uhtxluhphqw ohdgv xv wr frqvlghu
klhudufklfdo surfhgxuhv zklfk vwduw zlwk wkh ixvlrq ri wzr xqlwv/ dqg rqo| vhdufk iru d srvvleoh
wklug xqlw wr eh dgghg wr wkh jurxs dprqj wkrvh xqlwv wkdw duh forvh hqrxjk wr erwk xqlwv lq
:wkdw eorfn1 Lq wkdw vhqvh/ rxu surfhgxuh lv d frpsohwh olqndjh foxvwhulqj dojrulwkp +Hyhulww
4<;3,1
Wklv sduwldo srrolqj surfhgxuh grhv qrw wdnh lqwr dffrxqw wkh wzr pdlq frqfhuqv wkdw
dssolhg uhvhdufkhuv kdyh derxw khwhurjhqhrxv prghov/ qdpho| wkdw wkh sdudphwhuv duh lpsuh0
flvho| hvwlpdwhg dqg kdyh wkh zurqj vljqv1 Li sduwldo srrolqj lv edvhg rq wkh pdjqlwxgh ri wkh
deryh whvw vwdwlvwlf rqo|/ wkh foxvwhulqj dojrulwkp pd| srro d jurxs ri furvv vhfwlrqdo xqlwv
wkdw doo kdsshq wr kdyh lpsuhflvho| hvwlpdwhg sdudphwhuv zklfk kdyh wkhruhwlfdoo| lqfruuhfw
vljq1 Pruhryhu/ wkh ehwzhhq0yduldwlrq ri wkh uljkw kdqg vlgh yduldeohv ri wkhvh furvv vhfwlrqdo
xqlwv pd| ghfuhdvh vwdqgdug huuruv ri wkh hvwlpdwhg sdudphwhuv ri wkdw eorfn/ dqg zh pd| hqg
xs zlwk d eorfn zlwk sdudphwhu hvwlpdwhv zklfk vhhp wr eh suhflvho| hvwlpdwhg/ exw kdyh wkh
zurqj vljqv1 Lq rughu wr dyrlg wklv/ zh xvh dq dgglwlrqdo phdvxuh zklfk ohdgv wkh foxvwhulqj
dojrulwkp wr vhohfw/ iurp doo srvvleoh eorfnv wkdw duh forvh hqrxjk/ rqh wkdw ohdgv wr suhflvho|
hvwlpdwhg sdudphwhu hvwlpdwhv zklfk dffrug zlwk wkh uhvhdufkhuv sulruv1 Lq rwkhu zrugv/ zh
dvn rxu foxvwhulqj dojrulwkp wr pryh lq d gluhfwlrq zklfk uhgxfhv wkh frpsoh{lw| ri wkh
ryhudoo v|vwhp1 Lq wkh qh{w vxe0vhfwlrq zh uhylhz krz frpsoh{lw| lv phdvxuhg lq vwrfkdvwlf
v|vwhpv/ dqg zh dgrsw d phdvxuh zklfk h{solflwo| dffrxqwv iru sulruv derxw wkh sdudphwhuv
dqg wkhlu suhflvlrq1
5161 Dq dg krf8 p h d v x u hr if r p s o h { l w |
Wkhuh lv qr djuhhphqw dprqj glhuhqw glvflsolqhv rq zkdw frpsoh{lw| phdqv/ li lw fdq
eh phdvxuhg/ dqg krz1 Wkh vhqvh wkdw zh xvh wkh whup khuh lv forvhvw wr wkh vwdwlvwlfldqv*
qrwlrq ri vwrfkdvwlf frpsoh{lw| +vhh Ulvvdqhq 4<;:,/ zklfk txdqwlhv krz frpsolfdwhg d
frqglwlrqdo prgho lv/ dqg krz xqvwuxfwxuhg wkh ghshqghqw yduldeoh lv jlyhq wkh prgho91R q h
pljkw lqlwldoo| sursrvh wkh wudglwlrqdo lqirupdwlrq fulwhuld vxfk dv Dndlnh ru wkh Vfkzdu}
fulwhuld dv vxlwdeoh fdqglgdwhv iru phdvxulqj frpsoh{lw|/ dw ohdvw iru olqhdu prghov1 Krzhyhu/
vxfk phdvxuhv gr qrw xvh lqirupdwlrq derxw zkdw wkh sdudphwhuv duh vxssrvhg wr phdvxuh1
8dg krf= iru wkh sduwlfxodu hqg ru sxusrvh dw kdqg dqg zlwkrxw uhihuhqfh wr zlghu dssolfdwlrq ru hpsor|phqw
+Zhevwhu glfwlrqdu|,1
9Qrwlfh wkdw wklv lv txlwh glhuhqw iurp wkh qrwlrq ri frpsoh{lw| lq ghwhuplqlvwlf qrqolqhdu g|qdplf v|vwhpv1
Wkhuh/ frpsoh{lw| uh hfwv dq lqwulfdwh vwuxfwxuh/ zklfk fdq suhglfw wkh ghshqghqw yduldeoh shuihfwo|1 Khuh
frpsoh{lw| uh hfwv d frqixvhg vwuxfwxuh/ zklfk fdqqrw suhglfw wkh ghshqghqw yduldeoh zhoo1
;Iru h{dpsoh/ vxssrvh wzr lqghshqghqw uhvhdufkhuv duh suhvhqwlqj wkh iroorzlqj wzr prghov
















zkhuh T>U\ dqg US ghqrwh txdqwlw| ghpdqghg/ uhdo lqfrph dqg uhodwlyh sulfhv uhvshfwlyho|1
Wkh lqirupdwlrq fulwhuld xqdqlprxvo| suhihu P5 ryhu P4/ wkh sulfh hodvwlflw| lv fohduo| qrw
vljqlfdqwo| glhuhqw iurp }hur/ dqg wkh rplvvlrq ri uhodwlyh sulfhv grhv qrw fkdqjh wkh hvwl0
pdwh ri lqfrph hodvwlflw| vljqlfdqwo|1 Krzhyhu/ P5 fuhdwhv vxevwdqwldo frqixvlrq li suhvhqwhg
wr d sdqho ri hfrqrplvwv dv d ghpdqg ixqfwlrq1 Wkh suhvhqwhu ri P5 lv olnho| wr eh dvnhg
pruh txhvwlrqv dqg lv olnho| wr qhhg pruh wlph wr ghvfuleh dqg mxvwli| khu prgho wkdq wkh
suhvhqwhu ri P41 D jrrg phdvxuh ri frpsoh{lw| vkrxog eh deoh wr uh hfw wkh lghd wkdw lq wkh
frqwh{w ri ghpdqg ixqfwlrqv/ P5 lv pruh frpsoh{ +ru frqixvlqj, wkdq P4 lv1 Wkh dqdorj|
ri frpsoh{lw| wr wkh dprxqw ri ghvfulswlrq qhhghg wr suhvhqw d prgho wr d ohduqhg dxglhqfh/
prwlydwhv xv wr orrn dw phdvxuhv ri frpsoh{lw| xvhg lq frglqj wkhru|1
Lq frglqj wkhru|/ frpsoh{lw| lv ghqhg dv wkh ohqjwk ri wkh vkruwhvw xqltxho| ghflskhudeoh
frgh wkdw lv qhhghg wr hqfrgh d gdwd vhtxhqfh1 Wkh wzr phdvxuhv ri frpsoh{lw| zklfk kdyh
ehhq ghyhorshg rq wkh edvlv ri wklv sulqflsoh duh wkh plqlpxp ghvfulswlrq ohqjwk +PGO,
sursrvhg e| Ulvvdqhq +4<;:, dqg wkh plqlpxp phvvdjh ohqjwk +PPO, ghyhorshg e| Zdoodfh
dqg Iuhhpdq +4<;:,1 Iru wkh dssolfdwlrq lq wklv sdshu/ wkh wzr phdvxuhv duh txlwh vlplodu/
dqg lq zkdw iroorzv zh surylgh d eulhi ghvfulswlrq ri wkh PPO phdvxuh1
Iru d glvfuhwh udqgrp yduldeoh \ zklfk kdv q srvvleoh rxwfrphv +|￿>===>|?,> wkh ohqjwk
ri wkh prvw h!flhqw frgh qhhghg wr frgh wkh ydoxh |￿ lv dssur{lpdwho|: orj+Su+\ @ |￿,,>
:Wkh dssur{lpdwlrq uhodwhv wr fdvhv zkhuh 3*L}ER￿ lv qrw dq lqwhjhu1 Krzhyhu/ Vkdqqrq +4<7;, suryhv wkh
h{lvwhqfh ri d xqltxho| ghflskhudeoh frgh zkrvh dyhudjh ohqjwk lv dw prvw rqh xqlw odujhu wkdq
S?
￿’￿ 3R￿ *L}ER￿/
zklfk lv wkh dyhudjh ohqjwk ri wkh prvw h!flhqw frgh li iudfwlrqdo frglqj zdv srvvleoh +d frgh wkhruhwlf ghqlwlrq
iru wkh hqwurs| ri t ,1 Khqfh 3*L}ER￿ lv wdnhq dv wkh dssur{lpdwh frgh ohqjwk/ hyhq li lw lv qrq0lqwhjhu1
<zkhuh wkh edvh ri orjdulwkp lv wkh qxpehu ri glvwlqfw v|perov lq wkh frglqj doskdehw;1F r q 0
glwlrqdo rq vrph h{sodqdwru| yduldeohv [> dqg zlwklq wkh fodvv ri sdudphwulf frqglwlrqdo
prghov lqgh{hg e| wkh sdudphwhu yhfwru > wkh ohqjwk ri wkh prvw h!flhqw frgh iru hqfrg0







= Krzhyhu/ wkh sdudphwhuv duh xqnqrzq dqg duh hvwlpdwhg iurp wkh
vdpsoh/ dqg wkh| kdyh wr eh frghg dv zhoo1 Iru vlpsolflw| dvvxph wkdw wkhuh lv rqo| rqh
sdudphwhu1 Dvvxplqj wkdw wkh sulru eholhiv derxw  lv uh hfwhg e| wkh ghqvlw| k+,/ wkh prvw









= Wkh suhflvlrq ohyho  sod|v dq lpsruwdqw uroh/ hvshfldoo| zkhq wkh sd0
udphwhu vsdfh lv qrw glvfuhwh/ lq zklfk fdvh/ wkh frglqj ri d sdudphwhu zlwk lqqlwh suhflvlrq
+l1h1  @3 , zrxog uhtxluh lqqlwh frgh ohqjwk1 Iru d jlyhq suhflvlrq > w k hd y h u d j ho h q j w kr id






Rqh fdq ghulyh wkh rswlpdo suhflvlrq dqdo|wlfdoo| +l1h1 frqfhqwudwh  rxw ri wkh phvvdjh ohqjwk
irupxod,/ dqg xvh wklv wr qg wkh plqlpxp phvvdjh ohqjwk uhtxluhg iru hqfrglqj wkh sdudp0
hwhuv dqg wkh gdwd/ jlyhq wkh sdudphwhuv1 Iroorzlqj wklv orjlf/ dqg diwhu vrph vlpsoli|lqj

































lv wkh hpslulfdo Ilvkhu0lqirupdwlrq pdwul{43 dqg & lv d frqvwdqw/ ghfuhdvlqj
ixqfwlrq ri n=
Krz dssursuldwh lv wkh PPO fulwhulrq iru ohdglqj rxu foxvwhulqj dojrulwkpB Wkh dqvzhu
lv wkdw dowkrxjk lw lv dq lpsuryhphqw ryhu wkh xvxdo lqirupdwlrq fulwhuld/ lw lv qrw lghdo1
Lwv dgydqwdjh ryhu DLF lv wkh lqfrusrudwlrq ri sulru eholhiv1 PPO xvhv wkh sulruv ri wkh
vhqghu dqg uhfhlyhu wr plqlpl}h wkh frgh ohqjwk1 Wklv lv dqrwkhu zd| ri vd|lqj wkdw zkhq wkh
hvwlpdwhg sdudphwhuv duh kljko| xqxvxdo jlyhq wkh wkhruhwlfdo sulruv ri d ohduqhg dxglhqfh44/
;Iru elqdu| frghv/ doo orjdulwkpv zloo eh lq edvh 5 dqg wkh frgh ohqjwk zloo eh lq elwv1 Khuh/ lq rughu wr
frpsduh wklv phdvxuh zlwk lqirupdwlrq fulwhuld/ zh fkrrvh qdwxudo orjdulwkpv1
<Vhh Zdoodfh dqg Iuhhpdq +4<;:, dqg Ed{whu dqg Grzh +4<<9, iru ghwdlov1







Y5 *L} sE+l￿fc￿ w
YwYw3 
44E| wkhruhwlfdo sulruv L phdq uhvwulfwlrqv lpsolhg e| hfrqrplf wkhru| dqg jhqhudoo| h{shfwhg e| dq
43lw wdnhv d orqj glvfxvvlrq wr mxvwli| wkh prgho1 Krzhyhu/ wkh PPO fulwhulrq ghshqgv rq
wkh xqlwv ri wkh uhjuhvvruv [> dqg lw fdq eh duelwudulo| pdqlsxodwhg e| fkdqjlqj wkh xqlwv
ri uhjuhvvruv1 Li wkh sulru glvwulexwlrq lv d surshu sulru/ dqg wkh uhvhdufkhu lv dzduh ri wkh
fkdqjhv lq wkh xqlw ri phdvxuhphqw ri [/ wkhq wkh sulru zloo fkdqjh dffruglqjo| dqg PPO
zloo vwd| wkh vdph1 Krzhyhu/ li zh xvh PPO wr fkrrvh ehwzhhq frpshwlqj prghov zlwk
txdolwdwlyho| glhuhqw uhjuhvvruv/ lw lv hdv| wr vhh wkdw/ jlyhq vlplodu wv/ wkh PPO zloo fkrrvh
wkh uhjuhvvruv zlwk kljkhu ghjuhh ri froolqhdulw|1 Wklv lv h{dfwo| wkh rssrvlwh wr zkdw zh
zrxog olnh1 Wklv lv qrw vr pxfk d  dz lq wkh sulqflsoh ri PPO/ exw udwkhu d ixqfwlrq ri wkh
dvvxpswlrqv pdgh wr ghulyh wkh rswlpdo suhflvlrq dw zklfk wkh sdudphwhuv duh wudqvplwwhg1
Zh uhphg| wkh deryh xqghvludeoh surshuw| ri PPO/ e| ghqlqj PPO dv wkh ohqjwk
ri wkh vkruwhvw xqltxho| ghfrgdeoh frgh uhtxluhg wr wudqvplw wkh vwdqgdugl}hg frh!flhqwv
# @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,/ dqg wkh prgho jlyhq wkh sdudphwhuv1 Wkh sulru xvhg
iru wudqvplwwlqj wkh sdudphwhuv lv dovr wkh sulru ryhu wkh vwdqgdugl}hg frh!flhqwv1 Zkhq wkh
sulruv kdyh qlwh yduldqfh PPO zloo eh lqyduldqw wr vxfk fkdqjh lq yduldeohv/ exw zkhq wkh
sulruv duh lpsurshu +glxvh sulruv/ ru sulruv rq wkh vljqv ri wkh sdudphwhuv rqo|/ dv riwhq lv
wkh fdvh lq hfrqrplfv,/ wklv fkdqjh zloo pdnh d vljqlfdqw glhuhqfh1 Wkh prglhg PPO
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a ￿>a 2>===>a &

zkhuh K lv wkh hqwurs|/ dvvxplqj wkdw

a ￿>a 2>===>a &

duh qrupdoo| glvwulexwhg1 Wkh glhuhqfh
ehwzhhq wkh vxp ri lqglylgxdo hqwurslhv dqg wkh mrlqw hqwurs| lv d phdvxuh ri ghshqghqfh ri
dxglhqfh ri hfrqrplvwv1 Wkhvh zrxog jhqhudoo| lqyroyh vlpsoh vljq uhvwulfwlrqv1
44udqgrp yduldeohv1 Wklv glhuhqfh lv dozd|v qrq0qhjdwlyh +Vkdqqrq +4<7;,,/ dqg lw lv htxdo
wr }hur li dqg rqo| li a ￿>a 2>===>a & duh lqghshqghqw1 Ydq Hpghq +4<:8, xvhg wklv glhuhqfh
dv d phdvxuh ri frpsoh{lw| ri d fryduldqfh vwuxfwxuh +Ydq Hpghq 4<:8/ sdjh 94,1 Lq wkh
uhjuhvvlrq frqwh{w/ lw fdq eh vhhq dv d shqdow| iru wkh uhgxqgdqf| ri wkh uhjuhvvruv +l1h1
pxowlfroolqhdulw|,/ dqg lw lv plqlpl}hg zkhq uhjuhvvruv duh xqfruuhodwhg zlwk hdfk rwkhu1
Wklv surshuw| lv kljko| ghvludeoh iru rxu sxusrvh/ dqg PPOW lv wkhuhiruh wkh prgho vhohfwlrq
f u l w h u l r qw k d wz hf k r r v hw rg l u h f wr x uf o x v w h u l q jd o j r u l w k p 1
Zh hqg wklv vhfwlrq e| frpsdulqj PPOW zlwk dqrwkhu prgho vhohfwlrq fulwhulrq ghyho0
rshg rq wkh edvlv ri Ydq Hpghq*v phdvxuh ri fryduldqfh frpsoh{lw|1 Er}grjdq +4<<3, kdv
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￿’￿orj a ￿￿= Ydq Hp0
ghq +4<:8, lqwurgxfhv wklv vxevwlwxwlrq lq rughu wr pdnh klv phdvxuh ri fryduldqfh frp0
soh{lw| lqyduldqw wr ruwkrqrupdo wudqvirupdwlrqv ri wkh sdudphwhu yhfwru1 Wklv grhv qrw
fuhdwh d frqfhuq lq rxu frqwh{w/ ehfdxvh rxu surfhgxuh lv ghvljqhg iru dssolfdwlrqv lq zklfk
sdudphwhuv kdyh vshflf lqwhusuhwdwlrqv1 Dowkrxjk wkhlu xqlwv pd| eh duelwudu|/ duelwudu|
ruwkrqrupdo wudqvirupdwlrqv ri wkhp duh ri qr lqwhuhvw1 Qrwh wkdw LFRPS lv qrw lqydul0
dqw wr fkdqjhv lq xqlwv ri rqo| rqh ru d vxevhw ri sdudphwhuv/ zkhuhdv PPOW lv1 Wdeoh 4
f r p s d u h vw k hs h q d o w |d v v l j q h ge |D L F /V f k z d u } /K d q q d q 0 T x l q q /P P O /P P O W dqg LFRPS
lq wkuhh vlwxdwlrqv= +l, zkhq doo uhjuhvvruv duh lqghshqghqw> +ll, vdph dv +l, exw d txdu0
whu ri wkh uhjuhvvruv duh pxowlsolhg e| 433> dqg +lll, zkhq uhjuhvvruv duh kljko| fruuhodwhg
+[￿ @4 =5[￿ .3 =8%￿>m@5 >===>n>zkhuh [￿>% 2>===>%& duh l=l=g=,1 L qh d f kf d v h /w k hs h q d o w |l v
vkrzq iru ;/ 49/ 57 sdudphwhuv dqg 83/ 483 dqg 583 revhuydwlrqv1
Wdeoh 4= Shqdow| dvvljqhg e| glhuhqw prgho vhohfwlrq fulwhuld
45lq d olqhdu uhjuhvvlrq zkhq uhjuhvvruv duh lqghshqghqw
dqg kdyh htxdo yduldqfhv
q DLF VF KT LFRPS PPO PPOW
Lqghshqghqw uhjuhvvruv zlwk htxdo yduldqfhv/ n @;
83 ; 48=98 43=<4 4=79 3=84 43=86
483 ; 53=37 45=;< 4=48 8=57 47=98
583 ; 55=3< 46=9: 4=47 :=5: 49=9;
Lqghshqghqw uhjuhvvruv zlwk htxdo yduldqfhv/ n @4 9
83 49 64=63 54=;5 6=4: 4=63 53=;7
4 8 34 97 3 =3< 58=:< 4=;3 ;=7: 5;=65
5 8 34 97 7 =4: 5:=67 4=97 45=99 65=58
Lqghshqghqw uhjuhvvruv zlwk htxdo yduldqfhv/ n @5 7
83 57 79=<7 65=:7 9=3: 7=88 65=3;
4 8 35 79 3 =46 6;=9; 5=<4 43=<8 75=63
5 8 35 79 9 =59 74=34 5=66 4:=63 7:=;:
46Wdeoh 4 +frqwlqxhg,= Wkh fdvh zkhuh uhjuhvvruv duh lqghshqghqw
exw gr qrw kdyh htxdo yduldqfhv
q DLF VF KT LFRPS PPO PPOW
Lqghshqghqw uhjuhvvruv zlwk xqhtxdo yduldqfhv/ n @;
83 ; 48=98 43=<4 <=:7 <=:5 43=86
483 ; 53=37 45=;< <=58 47=78 47=98
583 ; 55=3< 46=9: <=57 49=7; 49=9;
Lqghshqghqw uhjuhvvruv zlwk xqhtxdo yduldqfhv/ n @4 9
83 49 64=63 54=;5 4<=6: 4:=45 53=;7
4 8 34 97 3 =3< 58=:< 4;=35 59=;< 5;=65
5 8 34 97 7 =4: 5:=67 4:=;7 64=3; 65=58
Lqghshqghqw uhjuhvvruv zlwk xqhtxdo yduldqfhv/ n @5 7
83 57 79=<7 65=:7 63=88 56=3; 65=3;
4 8 35 79 3 =46 6;=9; 5:=64 6;=8; 75=63
5 8 35 79 9 =59 74=34 59=99 77=<6 7:=;:
Wdeoh 4 +frqwlqxhg,= Wkh fdvh ri fruuhodwhg uhjuhvvruv
q DLF VF KT LFRPS PPO PPOW
Fruuhodwhg uhjuhvvruv/ n @;
83 ; 48=98 43=<4 5=<5 7=68 44=:9
483 ; 53=37 45=;< 5=:3 3=6; 48=;9
583 ; 55=3< 46=9: 5=:8 5=74 4:=<6
Fruuhodwhg uhjuhvvruv/ n @4 9
83 49 64=63 54=;5 7=;4 44=:3 55=37
4 8 34 97 3 =3< 58=:< 6=8; 4=<6 5<=96
5 8 34 97 7 =4: 5:=67 6=6; 5=59 66=88
Fruuhodwhg uhjuhvvruv/ n @5 7
83 57 79=<7 65=:7 :=;3 53=7< 66=73
4 8 35 79 3 =46 6;=9; 7=89 7=<< 76=89
5 8 35 79 9 =59 74=34 7=3< 4=69 7<=49
47Wklv wdeoh vkrzv wkh sureohp ri PPOzlwk fruuhodwhg uhjuhvvruv yhu| fohduo| +PPOdfwxdoo|
idyruv ryhusdudphwhul}hg prghov lq wklv fdvh,1 Rqh fdq dovr vhh wkh vhqvlwlylw| ri LFRPS
wr fkdqjh lq wkh xqlwv ri d vxevhw ri uhjuhvvruv1 Wdeoh 4 dovr vkrzv wkdw wkh shqdow| dvvljqhg
e| PPOW lv urxjko| ehwzhhq wkh Kdqqdq0Txlqq shqdow|/ zklfk lv noqoqq> dqg wkh Vfkzdu}
shqdow|/ zklfk lv &
2 oqq1W k l vv x j j h v w vw k d wPPOW lv d frqvlvwhqw rughu vhohfwlrq fulwhulrq1
5171 Wkh h{fkdqjh phwkrg dqg rwkhu prglfdwlrqv
Hyhq wkrxjk dw hdfk vwdjh/ iurp dprqj doo foxvwhuv wkdw duh zlwklq d fulwlfdo glvwdqfh ri hdfk
rwkhu/ rxu dojrulwkp ixvhv wzr foxvwhuv zklfk wrjhwkhu irup d vxejurxs frqvlvwhqw foxvwhu dqg
uhgxfh wkh PPOW fulwhulrq wkh prvw/ wkhuh lv vwloo qr jxdudqwhh wkdw lw zloo ohdg wr wkh joredoo|
rswlpdo sduwlwlrq1 Wkhuhiruh/ wkh dojrulwkp vkrxog eh dphqghg zlwk wkh xvxdo hqkdqfhphqwv
wr lqfuhdvh wkh fkdqfh ri prylqj wrzdugv wkh joredo rswlpxp1 Ghshqglqj rq wkh vl}h ri wkh
sureohp/ wkhvh prglfdwlrqv pljkw udqjh iurp vwduwlqj wkh foxvwhulqj dojrulwkp e| ixvlqj
wkh vhfrqg ehvw rswlrqv dw wkh lqlwldo vwdjh/ wr doorzlqj iru vrph srvvlelolw| ri qrq0rswlpdo
fkrlfh +olnh d pxwdwlrq lq d jhqhwlf dojrulwkp, dw hdfk vwdjh/ dqg frpsdulqj wkh PPOW ri
wkh uhvxowlqj qdo frqjxudwlrqv1
Rqh hqkdqfhphqw zklfk lv hdv| wr lpsohphqw/ zrxog eh wr dgg d vr fdoohg h{fkdqjh
dojrulwkp dw wkh hqg/ wr fkhfn wkdw wkh qdo frqjxudwlrq fdqqrw eh lpsuryhg xsrq e|
prylqj rqh furvv vhfwlrqdo xqlw iurp rqh sduwlwlrq wr dqrwkhu/ zkloh suhvhuylqj wkh vxe0jurxs
frqvlvwhqf| fulwhulrq1 Vxssrvh wkdw wkh klhudufklfdo dojrulwkp sduwlwlrqv wkh q furvv vhfwlrqdo
xqlwv lqwr p+?q , jurxsv dqg dvvljqv furvv vhfwlrqdo xqlw v wr jurxs m= Dq h{fkdqjh phwkrg
vlpso| uhhydoxdwhv PPOW xvlqj a ￿+l @4 >===>p>l 9@ m, iru wkh furvv vhfwlrqdo xqlw v> dqg li wkh
remhfwlyh ixqfwlrq lv lpsuryhg/ v lv pryhg iurp foxvwhu m wr foxvwhu l= Diwhu doo vxfk h{fkdqjhv
kdyh wdnhq sodfh/ wkh sdudphwhuv ri wkh qhz sduwlwlrqv duh uh0hvwlpdwhg1 Vlqfh uh0hvwlpdwlrq
fdq rqo| uhgxfh wkh vxp ri vtxduhg huuruv ri hdfk foxvwhu/ wkh PPOW lv jxdudqwhhg wr lpsuryh
dw hdfk urxqg ri h{fkdqjh1 Wkh h{fkdqjh phwkrg vwrsv zkhq qr pruh PPOW lpsurylqj
h{fkdqjhv duh srvvleoh1
4861 Hpslulfdo H{dpsoh








































































lv wkh uhodwlyh sulfh ri jdvrolqh1 Wkh sdudphwhu ￿
lv wkh frxqwu| vshflf {hg hhfw/ dqg 6
￿ wr 6
S duh hodvwlflwlhv zklfk duh wkh vdph iru doo
frxqwulhv lq jurxs p=
Edowdjl dqg Jul!q frqvlghu rqo| wkh wzr srodu fdvhv> wkh srrohg fdvh lq zklfk wkhuh lv
rqo| rqh jurxs zklfk lqfoxghv doo frxqwulhv/ dqg wkh ixoo| khwhurjhqhrxv fdvh lq zklfk hdfk
ri wkh hljkwhhq RHFG frxqwulhv lv lq d vhsdudwh jurxs1 Wkh| hvwlpdwh wkhlu prgho xvlqj
gdwd iurp 4<93 wr 4<;3/ dqg xvh lw wr jhqhudwh frqglwlrqdo iruhfdvwv iru 4<;4 wr 4<<31 Wkh|
qg wkdw wkh srrohg prgho ohdgv wr ehwwhu iruhfdvwv wkdq wkh lqglylgxdo frxqwu| prghov/ hyhq
wkrxjk wkh srrolqj uhvwulfwlrq lv vwurqjo| uhmhfwhg1
Zh udq wkhlu 4<93 wr 4<;3 gdwd wkurxjk wkh foxvwhulqj dojrulwkp h{sodlqhg lq wkh suhylrxv
vhfwlrq1 Wkh sulru zh xvhg lq wkh PPOW fulwhulrq zdv Edowdjl dqg Jul!q*v +4<<:, sulru wkdw
wkh orqj0uxq lqfrph dqg sulfh hodvwlflwlhv vkrxog eh srvlwlyh dqg qhjdwlyh uhvshfwlyho|1 Wkh
dojrulwkp surgxfhg wkh iroorzlqj qdo sduwlwlrq=
Jurxs 4= XV/ Mdsdq/ Ghqpdun/ Luhodqg/ Lwdo|/ Qhwkhuodqgv1
Jurxs 5= Ehojlxp/ Vsdlq/ Vzhghq/ Vzlw}huodqg/ Wxunh|1
Jurxs 6= Dxvwuld/ Jhupdq|/ Qruzd|/ XN1
Jurxs 7= Fdqdgd/ Iudqfh1
Jurxs 8= Juhhfh1
Wkh uhvxowlqj sdudphwhu hvwlpdwhv duh lqfoxghg lq Wdeoh 51 Kdg vxejurxs frqvlvwhqf| qrw
ehhq d uhtxluhphqw/ frpelqlqj wkh uvw dqg wkh wklug jurxsv zrxog kdyh ehhq dq PPOW
hqkdqflqj ixvlrq/ zlwk qr srvvleoh pryh diwhu wkdw1 Wkh forvhqhvv ri wkh uvw dqg wklug jurxsv
lv dovr dssduhqw iurp wkh hodvwlflw| hvwlpdwhv lq Wdeoh 51
49Wdeoh 5= Sdudphwhu hvwlpdwhv iru jurxsv
+vwdqgdug huuruv lq sduhqwkhvhv,






























































Xvlqj wkhvh hodvwlflw| hvwlpdwhv/ zh surgxfhg frqglwlrqdo iruhfdvwv iru jdvrolqh ghpdqg
iru wkh |hduv 4<;4 wr 4<<31 Wkh uhvxowlqj dyhudjh ri wkh urrw phdq vtxduhg iruhfdvw huuruv
iru doo RHFG frxqwulhv lv lqfoxghg lq Wdeoh 61 Wklv wdeoh dovr lqfoxghv wkh fruuhvsrqglqj
phdvxuh iru wkh iruhfdvwv edvhg rq wkh srrohg +zlwklq, hvwlpdwhv ri hodvwlflwlhv1
Wdeoh 6= Jurxshg yv1 srrohg45 dyhudjh ri urrw phdq












43 |hdu Dyhudjh 313<;8 3143;
45Wkh jxuhv uhsruwhg lq wkh wklug froxpq duh glhuhqw iurp wkrvh uhsruwhg lq Edowdjl dqg Jul!q +4<<:,1
Wkh| kdyh pdgh vrph dgmxvwphqwv wr wkhlu iruhfdvwv wkdw duh qrw ixoo| h{sodlqhg lq wkhlu sdshu/ dqg khqfh
fdqqrw eh uhsurgxfhg1
4:Wkh wdeoh vkrzv wkdw iru wklv sduwlfxodu prgho/ wkhuh lv rqo| d yhu| voljkw lpsuryhphqw ri
wkh rxw ri vdpsoh shuirupdqfh ri wkh jurxshg prgho ryhu wkh srrohg prgho1 Krzhyhu/ wkhuh
lv pxfk pruh lqirupdwlrq lq wkh jurxslqj vxjjhvwhg e| wkh gdwd wkdq lq wkh wzr h{wuhph
fdvhv ri srrolqj doo frxqwulhv/ ru qrw srrolqj dw doo1
71 Uhodwhg Olwhudwxuh dqg Dq Dowhuqdwlyh Surfhgxuh
Wkhuh lv dq h{whqvlyh olwhudwxuh rq fodvvlfdwlrq dqg glvfulplqdwlrq lq vwdwlvwlfv1 Krzhyhu/
prvw ri wklv olwhudwxuh lv frqfhuqhg zlwk wkh dvvljqphqw ri d qhz revhuydwlrq wr rqh ri n
srsxodwlrqv/ jlyhq d wudlqlqj vdpsoh +vhh Dqghuvrq 4<;7/ fkdswhu 9,1 Wkhuh lv dovr d olwhudwxuh
lq wlph vhulhv dqdo|vlv rq wkh fodvvlfdwlrq ri DUPD surfhvvhv +vhh Vkxpzd| 4<;5 iru d
vxuyh|,1 Krzhyhu/ wkh sureohp ri foxvwhulqj wlph0vhulhv lqwr dq xqnqrzq qxpehu ri jurxsv/
dffruglqj wr hvwlpdwhg sdudphwhuv kdv qrw ehhq vwxglhg1 Rxu sureohp lv pruh gl!fxow> zh
gr qrw nqrz wkh qxpehu ri srvvleoh fodvvhv/ dqg zh zdqw wr jurxs furvv vhfwlrqdo xqlwv
dffruglqj wr wkh forvhqhvv ri frh!flhqwv hvwlpdwhg iurp lqglylgxdo xqlw wlph0vhulhv gdwd1 Rxu
vroxwlrq lv edvlfdoo| d klhudufklfdo foxvwhulqj dojrulwkp +Hyhulww 4<;3,1 Suhylrxv dssolfdwlrqv
ri foxvwhulqj surfhgxuhv lq hfrqrplfv lqfoxgh Kluvfkehuj/ hw do +4<<4, zkr xvh wkhp wr ghyhors
d orz glphqvlrqdo pxowlyduldwh txdolw| ri olih lqgh{/ dqg Kduxy| +4<<:, zkr xvhv wkhp wr
h{soruh wkh ohyhov ri udwlrqdolw| ri vxemhfwv lq wkh dqdo|vlv ri h{shulphqwdo gdwd1
Dq dowhuqdwlyh wr wkh foxvwhulqj dojrulwkp xvhg lq wklv sdshu frxog eh d vxlwdeo| prglhg
yduldqw ri wkh fodvvlfdwlrq dqg uhjuhvvlrq wuhhv +FDUW, surfhgxuh +Euhlpdq hw do1 4<;7,1
Zkloh wklv surfhgxuh lv ghvljqhg iru xqfryhulqj wkuhvkrog qrqolqhdulwlhv lq wkh frqglwlrqdo
h{shfwdwlrq ixqfwlrq ri furvv vhfwlrqdo gdwd/ lwv ixqgdphqwdov fdq eh xvhg wr ghvljq d surfh0
gxuh iru foxvwhulqj furvv vhfwlrqdo xqlwv lq d sdqho1 Krzhyhu/ lw uholhv rq d suh0vshflhg vhw ri
wkuhvkrog yduldeohv wr jurxs wkh gdwd1 Wkhvh yduldeohv fdq eh d vxevhw ri h{rjhqrxv yduldeohv
lq wkh prgho/ ru wkh| fdq eh jlyhq iurp rxwvlgh1 Wkhuhiruh/ FDUW lv xvhixo rqo| iru sureohpv
lq zklfk wkhuh duh jrrg uhdvrqv wr eholhyh wkdw frh!flhqwv pljkw eh forvho| uhodwhg wr vrph
vshflf dwwulexwhv ri wkh furvv vhfwlrqdo xqlwv1 Iru h{dpsoh/ wkh frh!flhqwv ri prqh| ghpdqg
duh riwhq dvvxphg wr eh vlplodu iru kljk lq dwlrq frxqwulhv/ dqg vlplodu iru orz lq dwlrq
frxqwulhv +vhh iru h{dpsoh Yrjho+4<:7, ru Gxfn+4<<6,,1 Dovr/ wkh uhjuhvvlrqv zklfk vwxg| wkh
4;frqyhujhqfh ru qrq0frqyhujhqfh ri shu0fdslwd lqfrph lq glhuhqw frxqwulhv duh riwhq jurxshg
dffruglqj wr wkhlu lqlwldo ohyho ri lqfrph dqg ghyhorsphqw1 Gxuodxi dqg Mrkqvrq +4<<8, xvh
FDUW wr foxvwhu frxqwulhv lqwr krprjhqrxv jurxsv dqg wkhq wkh| vwxg| frqyhujhqfh1
Lw lv lqwhuhvwlqj wr vhh zkdw foxvwhu duudqjhphqw zloo dulvh rxw ri dq dowhuqdwlyh surfhgxuh
vxfk dv FDUW/ dqg wr ghwhuplqh krz lw zloo shuirup lq wkh deryh iruhfdvwlqj h{huflvh1 Wr
xvh FDUW/ zh kdyh wr vwduw e| vshfli|lqj d vhw ri wkuhvkrog yduldeohv1 Vlqfh zh kdyh qr
uhdvrq wr suhihu rqh ri wkh h{rjhqrxv yduldeohv lq wkh gdwd vhw ryhu dq| ri wkh rwkhuv/ zh ohw
doo wkuhh h{rjhqrxv yduldeohv +lqfrph shu0fdslwd/ fduv shu0fdslwd dqg uhodwlyh jdvrolqh sulfh,
eh srvvleoh wkuhvkrog yduldeohv1 Jlyhq wkdw zh kdyh wlph0vhulhv revhuydwlrqv rq doo ri wkhvh
dwwulexwhv/ zh kdyh wr ghflgh zklfk revhuydwlrq rq wkhvh dwwulexwhv vkrxog eh fkrvhq dv wkh
jxlgh iru wkh FDUW surfhgxuh1 Iru odfn ri dq| vshflf uhdvrq wr gr rwkhuzlvh/ zh xvh wkh
dyhudjh ryhu wkh hvwlpdwlrq shulrg +54 |hduv,1
Wkh FDUW surfhgxuh46 dw hdfk ohyho/ xvhv rqh ri wkh wkuhvkrog yduldeohv wr vsolw wkh
revhuydwlrqv ri d foxvwhu lqwr wzr jurxsv1 Doo srvvleoh elqdu| vsolwv dffruglqj wr doo vshflhg
wkuhvkrog yduldeohv/ dqg doo srvvleoh wkuhvkrog ydoxhv duh h{dplqhg1 Wkh vsolw zlwk wkh vpdoohvw
vxp ri vtxduhg huuruv +VVH, lv fkrvhq dqg wkh dojrulwkp lv uhshdwhg1 Zlwk furvv vhfwlrqdo
gdwd vhwv/ wkhvh vsolwv kdyh wr vwrs zkhq wkhuh duh mxvw hqrxjk revhuydwlrqv lq hdfk jurxs
wr hvwlpdwh wkh frh!flhqwv1 Krzhyhu/ lq rxu vlwxdwlrq/ wkh frh!flhqwv iru hdfk xqlw fdq eh
hvwlpdwhg iurp wkh wlph0vhulhv glphqvlrq ri wkdw xqlw/ dqg wkhuhiruh hdfk ri wkh qdo qrghv
zloo frqwdlq rqo| d vlqjoh xqlw1 Hyhq wkrxjk lw lv fohdu iurp wkh rxwvhw wkdw wkh qdo vsolw zloo
ohdg wr d ixoo| khwhurjhqhrxv prgho/ lw lv wkh sdwk wr wklv qdo frqjxudwlrq/ ru wkh wuhh/
wkdw pdwwhuv/ ehfdxvh lq wkh qh{w vwdjh/ wklv ghwhuplqhv zkdw fdq eh suxqhg1 Suxqlqj/
zklfk lv phujlqj ri wkh xqlwv wkdw duh wkh uhvxow ri d iruphu vsolw/ zloo doorz d eudqfk zlwk d
odwh vsolw zlwk d odujh hhfw rq VVH wr vxuylyh/ zkloh rwkhu eudqfk zlwk vxffhvvlyh vsolwv wkdw
kdyh ohvv lpsdfw rq VVH wr eh suxqhg edfn1 Lq wkh suxqlqj vwdjh/ d shqdow| iru wkh qxpehu
ri sdudphwhuv lv lqwurgxfhg/ dqg wkh suxqlqj vwrsv zkhq wkh lqfuhdvh lq wkh VVH lv qr orqjhu
rvhw e| wkh ghfuhdvh lq wkh shqdow|1
Zh kdyh xvhg wkh DLF fulwhulrq wr jxlgh xv zkhq wr vwrs suxqlqj1 Zkhq wkhuh zhuh rqo|
46Iru d frqflvh dqg fohdu h{sodqdwlrq ri FDUW/ uhihu wr wkh Whfkqlfdo Dsshqgl{ lq Gxuodxi dqg Mrkqvrq
+4<<8,1
4<wzr ru wkuhh frxqwulhv uhpdlqlqj lq hdfk jurxs/ wkh wkuhvkrog yduldeoh frxog qrw eh lghqwlhg
+l1h1 vruwlqj ri frxqwulhv edvhg rq dq| ri wkh wkuhh dwwulexwhv uhvxowhg lq wkh vdph rughu,/ exw
wkh lqlwldo vsolwv zhuh doo edvhg rq hlwkhu lqfrph shu0fdslwd ru uhodwlyh sulfh1 Wkh uhvxowlqj
qdo frqjxudwlrq zdv=
Jurxs 4= Mdsdq/ Iudqfh/ Luhodqg/ Lwdo|/ Qhwkhuodqgv/ XN1
Jurxs 5= Ehojlxp/ Qruzd|1
Jurxs 6= Dxvwuld/ Ghqpdun/ Jhupdq|1
Jurxs 7= XV/ Fdqdgd/ Vzhghq/ Vzlw}huodqg1
Jurxs 8= Vsdlq/ Wxunh|1
Jurxs 9= Juhhfh1
Li wkh shqdow| iru ryhusdudphwhul}dwlrq lv lqfuhdvhg/ jurxsv 4 dqg 5 duh phujhg uvw/ wkhq
w k h |d u hm r l q h ge |6 /w k h qe |7 /d q gv rr qx q w l oz hj h we d f nw rw k hi x o o |k r p r j h q h r x vp r g h o 1
Wklv dojrulwkp dovr fkrrvhv Juhhfh dv d fohdu rxwolhu1 Krzhyhu/ vlqfh FDUW grhv qrw xvh
lqirupdwlrq rq wkh vljqv ri dfwxdo sdudphwhuv dv d jxlgh/ wzr ri wkh deryh jurxsv/ +jurxsv
6 dqg 8,/ surgxfh hvwlpdwhv zlwk wkh zurqj vljqv1 Wkh dyhudjh phdq vtxduhg huuru ri
wkh frqglwlrqdo iruhfdvwv surgxfhg iurp wklv frqjxudwlrq lv 3=44:> zklfk lv odujhu wkdq wkh
dyhudjhv ri wkh ixoo| krprjhqrxv prgho dqg wkh sduwldoo| srrohg prgho uhsruwhg lq Wdeoh 61
Wkh sxusrvh ri wkh deryh frpsdulvrq lv qrw wr vkrz zklfk dojrulwkp lv xqlyhuvdoo| ehw0
whu1 Diwhu doo/ wkh dlp ri wklv sdshu lv wr dujxh wkdw sduwldo srrolqj vkrxog eh wdnhq vhulrxvo|/
dqg wr vxjjhvw dq dojrulwkp zklfk vhhpv sodxvleoh iru wkh vshflf dssolhg sureohpv zklfk
prwlydwhg wklv sdshu1 Wkh deryh frpsdulvrq vlpso| suhvhqwv dq dowhuqdwlyh wkdw pljkw eh
xvhixo xqghu glhuhqw flufxpvwdqfhv1 Iru h{dpsoh/ li wkhuh zdv/ lq rxu gdwd vhw/ d phdvxuh
zklfk uh hfwhg wkh jhqhudo dwwlwxgh ri wkh shrsoh ri hdfk frxqwu| derxw hqhuj| frqvhuydwlrq/
wkhq FDUW pljkw kdyh ehhq d ehwwhu dojrulwkp wkdq dqrwkhu zklfk grhv qrw xvh wklv lqiru0
pdwlrq1 Glhuhqw dvshfwv ri hdfk dojrulwkp fdq eh pl{hg wr surgxfh ehwwhu dojrulwkpv iru
rwkhu vlwxdwlrqv1
5381 Vxppdu| dqg vxjjhvwlrqv iru ixuwkhu uhvhdufk
Wklv sdshu vwxglhv wkh xvh ri foxvwhulqj phwkrgv iru wkh sduwldo srrolqj ri furvv vhfwlrqdo xqlwv
lq d phglxp vl}hg sdqho1 Khuh/ foxvwhulqj lv edvhg rq wkh forvhqhvv ri frqglwlrqdo h{shfwdwlrq
ixqfwlrqv zklfk/ duh dvvxphg wr uhpdlq frqvwdqw ryhu wlph iru hdfk furvv vhfwlrqdo xqlw1 Wklv
dvvxpswlrq zloo qrw dozd|v eh sodxvleoh1 Iru lqvwdqfh/ wkh surgxfwlrq vwuxfwxuh ri udslgo|
lqgxvwuldol}lqj frxqwulhv zloo eh vlplodu wr wkdw ri wkh qrq0lqgxvwuldo frxqwulhv gxulqj wkh
hduolhu |hduv ri wkh vdpsoh/ dqg wkhq vlplodu wr wkh lqgxvwuldo frxqwulhv odwhu rq1 Ixwxuh zrun
vkrxog doorz iru rqh ru pruh jurxs vzlwfkhv ryhu wlph/ iru hyhu| furvv vhfwlrqdo xqlw1
Lw lv zhoo nqrzq wkdw wkh qdo rxwfrph ri dq| klhudufklfdo foxvwhulqj dojrulwkp lv vhqvlwlyh
wr lwv lqlwldo frqglwlrqv1 Lq wklv sdshu zh vxjjhvw d joredo remhfwlyh ixqfwlrq/ wkh prglhg
phvvdjh ohqjwk fulwhulrq/ zklfk doorzv xv wr fkrrvh wkh ehvw ri doo glhuhqw sduwlwlrqv wkdw
wkh foxvwhulqj dojrulwkp pd| ohdg wr1 Zh fkrrvh wklv sduwlfxodu remhfwlyh ixqfwlrq ehfdxvh lw
fdq hdvlo| dffrpprgdwh sulru eholhiv/ dqg ehfdxvh lw shqdol}hv lpsuhflvlrq lq wkh sdudphwhu
hvwlpdwhv dv zhoo dv odfn ri sduvlprq|1 Olwwoh zrun kdv ehhq grqh rq wkh surshuwlhv ri wklv
fulwhulrq +vhh Ed{whu dqg Grzh/ 4<<9,1 Ixwxuh uhvhdufk vkrxog frpsduh wkh shuirupdqfh ri
wklv fulwhulrq djdlqvw rwkhu prgho vhohfwlrq fulwhuld1
Vlqfh rxu foxvwhulqj dojrulwkp xvhv eholhiv derxw wkh frh!flhqwv wr lq xhqfh wkh irupdwlrq
ri jurxsv/ lw lv qdwxudo wr wklqn derxw xvlqj d ixoo| Ed|hvldq dssurdfk1 Krzhyhu/ jlyhq wkh
hqruprxv qxpehu ri srvvleoh sduwlwlrqv/ d ixoo| Ed|hvldq dssurdfk wr wklv sureohp pd|
ehfrph xqzlhog|1 Zlwk xqlqirupdwlyh sulru rq wkh srvvleoh sduwlwlrqv/ dqg zlwk sulru rqo|
derxw wkh vljqv ri frh!flhqwv/ d ixoo| Ed|hvldq dssurdfk pljkw qrw ohdg wr d glhuhqw uhvxow/
jlyhq wkdw wkhuh lv dw ohdvw rqh sduwlwlrq +l1h1 wkh srrohg uhjuhvvlrq, lq zklfk wkh hvwlpdwhg
frh!flhqwv kdyh wkh fruuhfw vljq1 Ri frxuvh wklv lv rqo| d vshfxodwlrq/ dqg wkh txhvwlrq
ghvhuyhv ixuwkhu uhvhdufk1
Rxu surfhgxuh lv prwlydwhg e| hpslulfdo vwxglhv lq zklfk uhvhdufkhuv kdyh qr d0sulrul
uhdvrq wr foxvwhu wkh furvv vhfwlrqdo xqlwv dffruglqj wr dq| vshflf yduldeoh1 Lq vrph vlwxd0
wlrqv/ wkhuh lv d jrrg uhdvrq wr eholhyh wkdw rqh fdq jurxs furvv vhfwlrqdo xqlwv edvhg rq d
vlqjoh dwwulexwh1 Iru h{dpsoh/ frxqwulhv duh riwhq jurxshg lq kljk lq dwlrq dqg orz lq dwlrq
jurxsv lq prqh| ghpdqg hvwlpdwlrq/ ru jurxshg lq orz/ phglxp dqg kljk lqfrph jurxsv lq
54jurzwk dqdo|vlv1 Lw lv hdv| wr lqfrusrudwh wklv lqwr rxu dojrulwkp/ e| ixvlqj/ dprqj doo xqlwv
zkrvh glvwdqfh lv ohvv wkdq wkh fulwlfdo ydoxh/ wkrvh xqlwv zklfk duh forvhu wr hdfk rwkhu lq
vrph vshflhg dwwulexwh1 Wkh sduwldo srrolqj surfhgxuh/ fdq dovr eh xvhg wr fkhfn li vxfk
d0sulrul jurxslqjv duh lq idfw vxjjhvwhg e| wkh gdwd1 Dowhuqdwlyho|/ rqh fdq vwduw iurp wkh
jurxslqj vxjjhvwhg e| wkh dojrulwkp lq wklv sdshu/ dqg lqyhvwljdwh zklfk sduwlfxodu dwwulexwh/
ru frpelqdwlrq ri dwwulexwhv/ fdq ehvw ghwhuplqh zklfk jurxs d furvv vhfwlrqdo xqlw ehorqjv
wr1
Lq wkh hpslulfdo h{dpsoh ri wklv sdshu/ zh foxvwhuhg wkh RHFG frxqwulhv dffruglqj wr
vlplodulwlhv lq wkhlu vkruw0uxq dv zhoo dv wkhlu orqj0uxq hodvwlflwlhv1 Krzhyhu/ hfrqrplf wkhru|
xvxdoo| rqo| surylghv jrrg uhdvrqv wr h{shfw wkdw orqj0uxq hodvwlflwlhv pljkw eh wkh vdph1
Ixwxuh uhvhdufk vkrxog lqyhvwljdwh wkh sduwldo srrolqj ri wkh furvv vhfwlrqdo xqlwv edvhg rq
vlplodulwlhv lq wkhlu orqj0uxq hodvwlflwlhv/ zkloh doorzlqj wkh vkruw0uxq hodvwlflwlhv wr eh gli0
ihuhqw1 Vxfk dq dqdo|vlv zrxog qr orqjhu uhtxluh wkh odj vshflfdwlrq iru doo furvv vhfwlrqdo
xqlwv wr eh wkh vdph/ dqg wklv zrxog doorz frqvlghudeoh  h{lelolw| lq wkh vshflfdwlrq ri wkh
g|qdplfv1
55Uhihuhqfhv
Dkq/ V1 N1 dqg J1 F1 Uhlqvho +4<;;,/ Qhvwhg Uhgxfhg Udqn Dxwruhjuhvvlyh Prghov iru
Pxowlsoh Wlph Vhulhv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6/ ;7<0;891
Dqghuvrq/ K1 P1 dqg I1 Ydklg +4<<;,/ Whvwlqj Pxowlsoh Htxdwlrq V|vwhpv iru Frpprq
Qrqolqhdu Frpsrqhqwv/ Mrxuqdo ri Hfrqrphwulfv/ ;7/ 4/ 40691
Dqghuvrq/ W1 Z1 +4<;7,/ Dq Lqwurgxfwlrq wr Pxowlyduldwh Vwdwlvwlfdo Dqdo|vlv/ 5qg Hglwlrq/
Zloh|1
Edowdjl/ E1 K1 +4<<8,/ Hfrqrphwulf Dqdo|vlv ri Sdqho Gdwd/ Zloh|1
Edowdjl/ E1 K1 dqg M1 P1 Jul!q +4<;6,/ Jdvrolqh Ghpdqg lq wkh RHFG= Dq Dssolfdwlrq
ri Srrolqj dqg Whvwlqj Surfhgxuhv/ Hxurshdq Hfrqrplf Uhylhz/ 55/ 44:046:1
Edowdjl/ E1 K1 dqg M1 P1 Jul!q +4<<:,/ Srrohg Hvwlpdwruv yv1 wkhlu Khwhurjhqhrxv Frxq0
whusduwv lq wkh Frqwh{w ri G|qdplf Ghpdqg iru Jdvrolqh/ Mrxuqdo ri Hfrqrphwulfv/
::/ 636065:1
Ed{whu/ U1 D1 dqg G1 O1 Grzh +4<<9,/ Prgho Vhohfwlrq lq Olqhdu Uhjuhvvlrq Xvlqj wkh
PPO Fulwhulrq/ Whfkqlfdo Uhsruw <925:9/ Ghsduwphqw ri Frpsxwhu Vflhqfh/ Prqdvk
Xqlyhuvlw|1
Ehduvh/ S1 P1/ K1 Er}grjdq dqg D1 P1 Vfkorwwpdqq +4<<:,/ Hpslulfdo Hfrqrphwulf Prg0
hoolqj ri Irrg Frqvxpswlrq xvlqj d Qhz Lqirupdwlrqdo Frpsoh{lw| Dssurdfk/ Mrxuqdo
ri Dssolhg Hfrqrphwulfv/ 45/ 89608<51
Er}grjdq/ K1 +4<<3,/ Rq wkh Lqirupdwlrq Edvhg Phdvxuh ri Fryduldqfh Frpsoh{lw| dqg
lwv Dssolfdwlrq wr wkh Hydoxdwlrq ri Pxowlyduldwh Olqhdu Prghov/ Frppxqlfdwlrqv lq
Vwdwlvwlfv/ Wkhru| dqg Phwkrgv/ 4</ 55405:;1
Euhlpdq/ O1/ M1 O1 Iulhgpdq/ U1 D1 Rovkhq dqg F1 M1 Vwrqh +4<;7,/ Fodvvlfdwlrq dqg
Uhjuhvvlrq Wuhhv/ Zdgvzruwk1
Exuqvlgh/ F1 +4<<9,/ Surgxfwlrq Ixqfwlrq Uhjuhvvlrqv/ Uhwxuqv wr Vfdoh/ dqg H{whuqdol0
wlhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6:/ 4::05341
56Fkrz/ J1 F1 +4<93,/ Whvwv ri Htxdolw| ehwzhhq Vhwv ri Frh!flhqwv lq Wzr Olqhdu Uhjuhv0
vlrqv/ Hfrqrphwulfd/ 5;/ 8<409381
Gxfn/ Q1 +4<<6,/ Vrph Lqwhuqdwlrqdo Hylghqfh rq wkh Txdqwlw| Wkhru| ri Prqh|/ Mrxuqdo
ri Prqh|/ Fuhglw dqg Edqnlqj/ 58/ 40451
Gxuodxi/ V1 Q1 dqg S1 D1 Mrkqvrq +4<<8,/ Pxowlsoh Uhjlphv dqg Furvv0Frxqwu| Jurzwk
Ehkdylrxu/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 43/ 69806;71
Hqjoh/ U1 I1 dqg F1 Z1 M1 Judqjhu +4<;:,/ Frlqwhjudwlrq dqg Huuru Fruuhfwlrq= Uhsuh0
vhqwdwlrq/ Hvwlpdwlrq dqg Whvwlqj/ Hfrqrphwulfd/ 88/ 58405:91
Hyhulww/ E1 +4<;3,/ Foxvwhu Dqdo|vlv/ Vhfrqg Hglwlrq/ Zloh|= Qhz \run1
Kduxy|/ H1 +4<<:,/ Whvwlqj Prghv lq wkh Srsxodwlrq Glvwulexwlrq ri Eholhiv iurp H{shul0
p h q w d oJ d p h v  /p l p h r /G h s d u w p h q wr iH f r q r p l f v /X q l y h u v l w |r iW h { d vd wD x v w l q 1
Kluvfkehuj/ M1 J1/ H1 Pddvrxpl dqg G1 M1 Vorwwmh +4<<4,/ Foxvwhu Dqdo|vlv iru Phdvxulqj
Zhoiduh dqg Txdolw| ri Olih dfurvv Frxqwulhv/ Mrxuqdo ri Hfrqrphwulfv/ 83/ 46404831
Pdggdod/ J1 V1/ U1 S1 Wurvw/ K1 Ol dqg I1 Mrxw} +4<<:,/ Hvwlpdwlrq ri Vkruw0Uxq dqg Orqj0
Uxq Hodvwlflwlhv ri Hqhuj| Ghpdqg Iurp Sdqho Gdwd Xvlqj Vkulqndjh Hvwlpdwruv/
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 48/ <304331
Udpdqdwkdq/ U1/ U1 I1 Hqjoh/ F1 Z1 M1 Judqjhu/ I1 Ydklg dqg F1 Eudfh +4<<:,/ Vkruw0
uxq Iruhfdvwv ri Hohfwulflw| Ordgv dqg Shdnv/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj/4 6 /
49404:71
Ulvvdqhq/ M1 +4<;:,/ Vwrfkdvwlf Frpsoh{lw|/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/
Vhulhv E/ 7</ 556056<1
Vkdqqrq/ F1 H1 +4<7;,/ D Pdwkhpdwlfdo Wkhru| ri Frppxqlfdwlrq/ Ehoo V|vwhp Whfk0
qlfdo Mrxuqdo/ 5:/ 6:<07561
Vkxpzd|/ U1 K1 +4<;5,/ Glvfulplqdqw Dqdo|vlv iru Wlph Vhulhv/ lq S1 U1 Nulvkqdldk dqg
O1 Q1 Ndqdo hgv/ Kdqgerrn ri Vwdwlvwlfv/Y r o 15 /Q r u w kK r o o d q g 1
57Wldr/ J1 F1 dqg U1 V1 Wvd| +4<;<,/ Prgho Vshflfdwlrq lq Pxowlyduldwh Wlph Vhulhv/
Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E/ 84/ 48:05461
Ydklg/ I1 dqg U1 I1 Hqjoh +4<<6,/ Frpprq Wuhqgv dqg Frpprq F|fohv/ Mrxuqdo ri
Dssolhg Hfrqrphwulfv/ ;/ 67406931
Ydklg/ I1 dqg U1 I1 Hqjoh +4<<:,/ Frghshqghqw F|fohv/ Mrxuqdo ri Hfrqrphwulfv/; 3 /
4<<05541
Ydq Hpghq/ P1 K1 +4<:8,/ Dq Dqdo|vlv ri Frpsoh{lw|/ Vhfrqg Sulqwlqj/ Pdwkhpdwlfdo
Fhqwhu Wudfwv= Dpvwhugdp1
Yrjho/ U1 +4<:7,/ Wkh G|qdplfv ri Lq dwlrq lq Odwlq Dphulfd/ Dphulfdq Hfrqrplf
Uhylhz/ 97/ 43504471
Zdoodfh/ F1 V1 dqg S1 U1 Iuhhpdq +4<;:,/ Hvwlpdwlrq dqg Lqihuhqfh e| Frpsdfw Frglqj/
Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E/ 7</ 57305981
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